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Ultimate Anchorage Capacity of
Concrete Filled Steel Box Connection as Footing
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The design of footing has become more conservative because of the damage in recent earthquakes.
However, the application of current international design practice results in footing details having con-
gested steel reinforcement in the pile cap and this is extremely difficult to construct according to
designers recommendation. By considering this point, a ﬁew type of footing, concrete filled steel box
footing (CFSB), is presented. '

The prime objective of the study is to predict the moment anchorage and axial capacity of the concrete
filled steel box footing by using the 3D finite element program CAMUI developed by authors labora- -
tory. The steel box is filled with concrete and concrete filled steel tube (CFT) column is inserted in
the box. As the first step, numerical simulation of the experimental specimens was carried out after
introducing the new constitutive model for post peak behavior of concrete in compression under con-
finement. The modification was based on the concept that fracture energy of concrete in coinpression
softening increases with the level of confinement. The modified equation is verified by the experi-
mental data of concrete-filled steel tube. By using the concrete compression softening model with the
modified fracture energy equation, the numerical simulation by 3D nonlinear finite element method
(FEM) of experimental study to determine ultimate axial and moment anchorage capacity of steel pile
in concrete filled steel box footing connection was carried out.

The experimental program included eleven specimens and was conducted in two phases. The first
phase included two specimens subjected to axial loading on column with the parameter of concrete
depth under the column. Failure mechanism of both specimens was characterized by crushing of
concrete under the column and axial capacity increased with the increase of concrete depth. The second
phase included nine specimens subjected to monotonic loading perpendicular to longitudinal axis of
column with the parameters of column insertion length and pile thickness. Failure of four specimens
took place due to crushing of concrete around the column and it was observed that anchorage capacity
increased with the increase of insertion length.Failure of five specimens took place due to yielding of
steel pile.

Based on experimental results the conclusion can be drawn that axial and moment anchorage capacity
of footing obtained from simulation show good correlation with experimental data, showing the relia-

bility of 3D non linear FEM simulation. Effect of different parameters i.e. insertion length, concrete
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strength, box size, column size, column length and box tube thickness on the axial and moment an-
chorage capacity of the concrete filled steel box footing is observed by conducting parametric analysis
with FEM simulation. From the analytical study, the following conclusions can be obtained.

Axial and moment anchorage capacity of the column CFSB footing connection is controlled by the
crushing of concrete in the footing unless the yielding of steel in the column takes place. The axial
anchorage capacity is controlled by the compression softening of the concrete under the column, while
the moment anchorage capacity is controlled by the compression softening of concrete around the
column.

The axial capacity of CFSB footing decreases with the decrease of concrete depth under the column.
This decrease in axial capacity is due to the reduction of concrete peak stress under the column. This
reduction of peak stress is due to tensile strain in the direction normal to peak stress.

The axial capacity of CFSB footing increases with increase of concrete strength. This increase of load
is due to increase of concrete crushing stress with increase of concrete strength.

The axial capacity of the footing increases with the increase of column size. This increase of load is
due to increase of bearing area of concrete. '

. The axial capacity of the CFSB footing increases with the decrease of box size. This increase in
capacity is due to increase of confining stress and confining stress increases due to decrease of box
size.

The moment anchorage capacity of the CFSB footing connection increases with the increase of column
insertion length. This increase of load is due to increase of resistive moment provided by the surround-
ing concrete. Resistive moment increased due to increase of moment arm and resistive force provided
by surrounding concrete. Moment arm and resistive force increased due to increase of insertion length.
The moment anchorage capacity of the CFSB footing connection increases with the increase of con-
crete strength. This increase of capacity is due to increase of concrete crushing stress as the resistive
moment.

The moment anchorage capacity of the CFSB footing connection increases with the increase of column
size. This increase of capacity is due to increase of bearing area of the surrounding concrete.

The moment anchorage capacity of the CFSB footing connection increases with the increase of box
tube thickness. This increase of peak load is because of the increase of confinement level of concrete
surrounding the pile.

The moment anchorage capacity of the footing connection remains same with the increase of box size.
For different column length outside the steel box failure of the connection takes place because of

bending moment or shear force. For longer pile the failure takes place because of moment.
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